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The impacts of coal-based thermal plants are particularly important in a study of China and India, as these plants currently provide the largest generating capacity in both countries (see Table 1 ), and about 80% of the actual generation. What is more, electricity generation consumed 53% of China's coal use and 67% of India's, in 2002; further, China's coal consumption is projected to grow 3.3% annually between 2002 and 2025 and India's at 2.2% (EIA, 2005).
- Table 1 about hereMost of the existing thermal power plants in China and India use the traditional pulverized coal combustion technology. As a result, they have to contend with gaseous emissions including carbon dioxide (CO 2 ), carbon monoxide (CO), sulfur dioxide (SO 2 ), nitrogen oxides (NO x ) 4 , mercury and particulate matter. Coal-burning thermal power plants in China contributed over 50% of the country's SO 2 emissions (China Daily, 2005) and 40% of its CO 2 in 2004 (Zhao, 2004) ; in India, these types of plants were responsible for about 40% of the country's SO 2 and 41% of its CO 2 in 2000 (Shukla, Nag, & Biswas, 2003) . Coal-plant emissions far outweigh those from other fossil-fuel plants (see Table 2 ), contributing to acid rain 5 , and air pollution and the consequent adverse effects on health.
- Table 2 about hereWhen based on locally mined coal, the associated problems of mining accidents and land degradation are serious. In some areas, the use of high ash coal results in disposal problems, although ash does have productive uses such as brick-making.
However, with the alternative fossil-fuel options, oil-and gas-based plants, too, issues of waste disposal and possible drilling and pipeline accidents have to be considered. The water use by some thermal plants constitutes a more serious problem; Indian thermal power plants reportedly use 88% 6 of the country's industrial water supply (DTE, 2003) .
Temperature increases and pollution of receiving water bodies through inadequately treated effluents have also to be dealt with.
Although based on a clean and renewable source, large hydroelectric plants are not impact-free. Large dams can cause submergence of human settlements and natural forests, adversely affecting or even destroying people's livelihoods, particularly traditional lifestyles, and also terrestrial ecosystems. However, the magnitude of these impacts varies with the location and the height of the dams constructed.
With nuclear power plants, radiation hazards (not only through accidents), and disposal of radioactive spent fuel must also be contended with. Thus far, no country is sure of safe and permanent waste disposal 7 . And, while clean in terms of carbonemissions, both ends of the nuclear fuel cycle -uranium mining and nuclear waste -have harmful environmental impacts, if not very carefully managed.
However, environmental impact costs are not easily quantifiable. Pollutioninduced health impacts are underestimated when economically disadvantaged people do not obtain medical treatment; similarly, disruption costs of displaced communities could be inestimable.
REGIONAL IMPACTS
Regional pollution issues, for example the issue of acid rain and sulfur deposition, have received attention in Northeast Asia 8 . While the magnitude of coal-fired power plants' contribution may be disputed, in north-east China such facilities contribute to regional pollution, particularly during winter and spring, when dominant high-pressure systems sweep accumulated pollutants off the landmass toward the eastern ocean-mass.
GLOBAL IMPACTS
The Chinese and Indian power sectors contribute about 42% and 52%, respectively, of the carbon emissions 9 in their countries. Due to the magnitude of its electricity generation, China's total carbon emissions are over three times those from India, and even on a per capita basis are over 2½ times (see Table 3 ; see also Sonnenfeld & Mol, 2006) . However, as emissions per capita are low by international standards (EIA, 2003) , and developing countries are not required to adopt greenhouse gas (GHG) 10 reduction targets under the Kyoto protocol (in effect from February 16, 2005), global issues currently remain less important than local impacts.
- Table 3 about here -
Environmental Policies for the Electricity Sector
Provisions for environmental preservation in the power sector may be direct, when they specifically address environmental impacts of power sector activities, or indirect, when they focus on other goals that have incidental environmental benefits.
While issues concerning the energy sector as a whole have been referred to in environmental policies of both countries, this article focuses on those applicable to the power sector in particular. Direct provisions -policies and specific standards -from among constitutional articles, laws, state-promulgated directives and appropriate sections of national plans and designated environmental policies are summarized below for the two countries. Indirect environmental policies -those encouraging renewable sources and conservation of energy --are also discussed to the extent that they affect electricity generation and the consequent environmental impacts. 
DIRECT ENVIRONMENT-ELECTRICITY REGULATION
General direction. Both China and India provide for environmental protection in their Constitutions. But during the 1980s and 1990s, specific environmental laws were passed, ranging from general environmental protection and air pollution control, to energy conservation (see Table 4 ). Both countries introduced environmental impact assessments (EIA), India's Ministry of Environment and Forests' EIA Notification in 1994 and China's EIA Law in 2003.
- Table 4 about hereGovernments have also proceeded to formulate national environmental policies and action plans (see Table 5 ). There are energy sections in the national Five-Year Plans too, but these do not emphasize environmental impacts 12 .
- Table 5 about hereChina's Agenda 21, developed after UNCED 1992, is relevant for the power sector via its emphasis on energy efficiency, renewable energy, clean coal and combinedcycle technologies, and nuclear power. However, the focus of environmental policy appears to be on the control of sulfur dioxide emissions and acid rain (Finamore, 2000) . This is particularly evident in the designation of "two-control zones" in highly exposed regions of the country, one focusing on high levels of acid precipitation and the other on high ambient SO 2 concentrations. (RSP or PM 10 ), and in India, carbon monoxide and lead also (see Table 6 ). In both countries, standards differ with the classification of the relevant air shed --sensitive sites, residential/commercial areas, and industrial/traffic centers --as well as the monitoring periods. The current Indian standards are more restrictive (i.e. have lower permissible pollutant limits) than the Chinese.
- Table 6 about here -Regarding specific power sector regulations, However, as Indian coal has lower sulfur but higher ash content, Indian controls are applied more to the emission of particulates and disposal of ash, whereas the Chinese emphasis is on SO 2 emission control.
- (Mittal & Sharma, 2003) .
However, emissions reduction, where achieved at specific generating stations, has been largely brought about through control equipment, and there continues to be wide disparity between generating stations.
ALTERNATIVE GENERATION
Alternatives to the impact-causing sources of power include diversification of energy sources to renewables and non-renewable but "clean" sources, as well as efficiency improvement and DSM measures which reduce the required generation and thereby complement environmental protection efforts. Renewables research and development (R&D) is being encouraged, for example in bio-fuels that are substitutes for petroleum-diesel. Biomass combustion, employing boiler-steam turbine systems, is being increasingly used, as is fixed-bed gasification, both in India and China, where fixed-bed gasifiers are commercially available.
Co-generation 18 , using biomass, occurs at many industrial units, with supply to the state grids encouraged in India.
- Table 8 about hereHowever, despite the increase in the capacity of small hydroelectric plants, wind turbines, and solar-based systems, the proportion of total generation capacity met by distributed renewables in 2003 was only 8.5% in China and 4.3% in India (see Table 8 ).
In Figures 2a and 2b ).
- Figure impacts. It was estimated that switching to selected efficient devices in India could achieve a saving of 6.7%, 5.5%, and 6.5%, of the total emissions of CO 2 , SO 2 , and NO x , respectively, between 1997-2015 (ARRPEEC, 1999). China's stated energy-efficiency policy is to improve efficiency levels by 3.5% annually, a rate as yet unattained by any nation. However, if energy efficiency were improved at the same rate as that in the US, where the average efficiency is currently four times that in China, the potential impact of an efficiency portfolio could be one "stabilization wedge" 22 .
National organizations such as the Energy Management Centre in India, and the In China, conservation institutions were set up and investments made during the 1980s in response to energy shortages. These efforts successfully contributed to reduction in energy intensity (Sinton, Levine, & Wang, 1998) , with the unit energy consumption at large (> 6 MW) fossil-fuel-based generation plants declining by 4.6% between 1980 and 1990 (Zhao, 2001 
Challenges for Environmental Policy
For China and India, providing for basic needs as well as economic growth and employment, while minimizing adverse environmental impacts, constitute serious challenges. The effects of past mismanagement must also be dealt with. As noted in the 
ECONOMIC GROWTH
Growth-engendered electricity demand also tends to crowd out environmental issues. China's rapid economic growth has caused a demand-supply gap since 2002; it plans additional electricity generating capacity of 500 GW in the next 15 years (Shao, 2005 
INSTITUTIONAL CONSTRAINTS
The existence of legal tools does not necessarily imply that litigation is practical.
For example, although China has a comprehensive legal framework for environmental regulation, there has been inadequate enforcement due to resistance from local authorities (Tanzer, 2005) . Even the judiciary commands scant obedience when local government interests are affected (Zhu, 2005) , so that environmental laws and enforcement programs still do not have the effectiveness necessary to handle the environmental degradation accompanying the country's explosive growth (Zhang, 2005) 25 . In contrast, the political system in India enables environmental concerns to influence project implementation, although these sometimes result only in delays rather than real solutions 26 .
SUPPLY CONSTRAINTS
The need for energy security tends to override environmental considerations.
Although clean, renewable sources of electricity are difficult to transport, and provide electricity seasonally and sometimes unreliably, so that they cannot completely replace other sources. At times, distances between optimal energy sources and demand centers necessitate extensive fuel transport and/or electricity transmission; the alternative could be more polluting local sources. Moreover, countries rely on assured (and usually indigenous) sources; although China had earlier shut down several small coal-thermal power plants 27 (Chi, 2003) , electricity shortages put coal plants in the forefront again 16 (WGI, 2003) . Major projects tend to be chosen over smaller options, despite their environmental impacts, due to the value of impressive display and because of the relatively higher management input per unit necessitated for numerous dispersed schemes as compared with the equivalent capacity from a single/few large project(s).
Although the changes taking place in the power sectors of these countries were not driven by environmental issues 28 , new legal provisions and the establishment of new institutions could have facilitated increased environmental regulation. That this has not occurred because of conflicting goals is also worth noting.
Suggested Ways Forward
In view of the experiences in China and India recounted briefly above, one can derive factors contributing to effective environmental protection in the electricity sector.
Priorities in the National Agenda. State commitment is essential for the effective implementation of environmental policies. When juxtaposed with other needs, environmental norms require government mandate.
Incentives. While the solutions to the financial problems of power sector utilities are beyond this paper, the higher costs of clean power could be addressed, even in a market-based system, through incentives and disincentives. Incentives to generators could be fiscal or financial. Fiscal incentives include tax/duty reduction on inputs and/or outputs, while financial incentives consist of lower borrowing rates, longer moratoria on loans, and accelerated depreciation of investment 29 .
On the "polluter-pays" principle, impact mitigation disincentive fees/charges can be imposed, internalizing the costs of impacts and thereby delaying dirtier options in the cost/kWh merit-order dispatch. These charges include: emission taxes (imposed on polluters 30 , in proportion to the magnitude of pollution caused), abatement costs, for example the SO 2 fee imposed by the Chinese SEPA through the revised pollution levy system, and user charges (similar, but levied on the units of electricity purchased).
An alternative to emissions charges would be "getting the prices of fuels right", i.e. the reduction/removal of irrational subsidies that could neutralize the higher costs of non-subsidized options. However, there could be resistance to the resulting electricity price increases. For example, landowners using electric pumping for irrigation in India have thwarted electricity price increases; in contrast, state-owned and other public enterprises in China are the major electricity purchasers, with individual consumers unable to influence decisions.
The fees/charges collected and avoided subsidies could be used to finance research into regionally appropriate technologies and commercialization of innovations.
Alternatively, the payments could be used for impact mitigation, as in the Chinese case, where 90% of the pollution levy is supposed to be returned for the purchase of control equipment.
Appropriate Technologies. In addition to research and development (R&D) for appropriate innovations, proven technologies could be adopted. Where resource endowments permit, natural-gas-based generation would be an efficient and clean option 31 . State-of-the-art natural gas combined-cycle plants are even more efficient 32 .
With resource endowments and rising natural gas prices tilting the balance in favor of coal, clean-coal technologies need to be considered. These include improved direct combustion, for example fluidized bed combustion (FBC) 33 , and better still, O 2 -blown gasification, used in integrated gasification combined cycle (IGCC) plants (see Table 9 ), that are currently more expensive 34 .
- Table 9 In conclusion, electricity generation is increasing at a very rapid pace in China and less so in India, with the attendant environmental impacts. These impacts can be curtailed through combinations of: more efficient, and cleaner generation technologies, appropriate control equipment, and more efficient electricity-using devices. The adoption of these measures requires appropriate governmental policies, since governments continue to wield influence over the electricity sector, as also the effective implementation of those policies, focused on in this paper. Despite comprehensive policy documents, there are barriers to their effective environmental protection, particularly due to the overriding energy requirements in these two large countries. Several factors can be identified that contribute to successful environmental protection in the power sector.
Direction and regulation, as much as technological choices, will influence power sector scenarios and the environmental impacts in these nations.
Notes
1 These indicate the biologically productive area necessary to compensate for the natural resources consumed and the wastes generated.
2 Of the net 2,914 TWh generated in developing Asia, China accounted for 1,457 TWh, and India, 510 TWh (EIA, 2005).
energy from the same primary energy source. 19 The first hydroelectric plant in developing Asia was commissioned in 1902 at Shivasamudram (in southwest India). 20 The Sardar Sarovar project on the Narmada river in India is being disputed due to the displacement of people and inundation of their lands. The Three Gorges project on the Yangtze rive in China is estimated to displace nearly 2 million people, apart from ecological damage and submersion of forested land, 13 cities, 148 towns, and 1,352
villages (BBC, 2004) . 21 Conservation by consumers lowers the required generation even further, as transmission and distribution losses are avoided. Further, by reducing the energy required at periods of peak demand, DSM options can reduce the system load and the need for additional peaking plants. 22 A "stabilization wedge" is equivalent to 1 billion metric tons of carbon emissions. See, for example, Pacala and Socolow (2004 28 Evidence from international studies (WRI, 2002; UNEP, 2003) has shown that there has been insufficient consideration for social and environmental issues. 29 The phenomenal increase in Indian wind-turbine capacity during the 1990s' can be attributed to these incentives. 30 These have not yet been imposed anywhere, although New Zealand has proposed carbon emission taxes on fossil-fuel-based generation from April 2007. 31 Results of case studies in the states of Gujarat and Andhra Pradesh in India indicate that the average power sector carbon emissions per kWh generated between 1990 and 2001, fell by 24% in Gujarat, due to increased gas-and naphtha-based generation, but increased by 17.6% in Andhra Pradesh, due to increased coal-based generation (Shukla et al., 2003) . 32 The average Chinese coal power plant emits more than three times as much CO 2 as these new plants (Williams, 2001) . 33 A few pilot-scale plants are in operation in India (TERI, 2001) . 34 The key enabling strategy that could lead to attractive energy costs without further technological advances is "polygeneration" -the co-production from synthesis gas of electricity and one/more clean fuels and/or process heat (Williams, 2001) . 35 Efficiency improvements in lighting and refrigeration were found considerably cheaper than SO 2 emissions reduction retrofits (Byrne, Bo, & Li, 1996) . 36 Beneficiation involves separation of impurities in a liquid medium. This is difficult when the coal contains near gravity impurities.
37 See for instance, Thermal Power Guidelines for New Power Plants (World Bank, 2000) . 38 It has been opined that China's clean energy policies have been rendered less effective through "a lack of detailed implementation rules and targets, an ineffective monitoring system, and a lack of proper regulatory policies" (Zhao, 2001) .
39 As applied to the power sector, IRP can be described as an approach through which the 43 Empirical analyses indicate that swift implementation of court orders and settlement of complainants' claims were significant in bringing about environmental quality improvement (Prasad, 2004) . Environment (Protection) Act, 1986, amended 1991 (followed by Rules and amendments of 1986 Rules and amendments of , 1998 Rules and amendments of , 1999 Rules and amendments of , 2001 Rules and amendments of , 2002 Rules and amendments of , 2003 Rules and amendments of , 2004 The Air (Prevention and Control of Pollution) Act, 1981, and Amendment, 1987 The Water (Prevention 
TABLES and FIGURES

Flue-gas Emissions from
Coal-fired Boilers
The current Chinese standards (GB 13223-2003) distinguish between plants Source: US-DoE (1997) . 1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 Capacity ( 1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 Generation ( The graphs were drawn by the authors based on data obtained for China (LBL, 2004) and for India (CEA-GoI, 2005 ).
